Change of chromosome size through speciation has long been of occasional interest , and several studies have attempted to analyze the factors involved.
The size change was observed in some animals and plants in connection with polyploidy1-4' . It was reported that the size change could be induced through gene mutations .6' , nutritional condition7' and cell diff erentiation8 , 9' . The size change has been ascribed to condensation10', to structural rearrangement such as deletion or duplication, to fragmentation", to differential heterochromatinization12', and to local variation in DNA13' . Standing on the polynemic view of chromosome structure, the size change was also attributed to the differential polytenyl4-17) .
A parallel change of chromosome size and DNA content was found in T riticum18 , l9) , in some genera of Pentatomidae and Coccidae17 , 20, 21) , Bufo13' and others22' . No analysis of the change in chromosome size in relation to the duration of the mitotic cycle and to the pattern of DNA synthesis has yet been attempted.
In the present investigation, the two species, Chrysanthemum lineare (2n=18) and Ch. nipponicum (2n=18), and their F1 hybrid were studied using H3-thymidine autoradiography.
The chromosomes of Ch. lineare are 1.5-2.0 times as long as those of Ch. nipponicum23' . The two species formed an F1 hybrid and were chrornosomal relatives, forming three bivalents at meiosis of F1 hybrid24) .
Materials and Methods
Five plantlets from each of Chrysanthemum lineare and Ch. nipponicum were used for the present study.
The plantlets of Ch. lineare were obtained from Miyoshi, Hiroshima Prefecture, and those of Ch. nipponicum were obtained from Tanesashi, Iwate Prefecture.
Five plantlets of the F1 hybrid of Ch. nipponicum x Ch. lineare were also used for the present study.
Each of the plantlets of the two species and F1 hybrid were cultured in a water tank with 10-6% Hyponex (Hydroponic Chem. Co., U.S.A.) in water.
The Hyponex solution was gently aerated with an air-pump. The plantlets were cultured at 22°-23°.
New roots of about 1.0 cm long developed from plantlets and were immersed in the 2pc/ml H3-thymidine solution (specific activity) diluted with 1/2 Knop's solution for 1/4 hr. at 22°. The H3-thymidine was TRA. 61, Thymine-6-T(n), Batch 34 obtained from the Japan Radiochemical Centre. A preliminary test showed that there was no apparent rhythm in the appearance of mitoses in the root tip cells of each plantlet.
The immersion treatment of root tips was done at 6 p.m. The roots of plantlets were washed thoroughly in water after the treatment with H3-thymidine, and were returned to the Hyponex solution.
The root tips treated with H3-thymidine were pretreated in N20 gas. The method * A part of the expenses was defrayed by a Grant in Aid of Science Research of the Ministry of Education, No. 0407. ** Botanical Institute , Faculty of Science, Hiroshima University, Hiroshima, Japan.
of pretreatment was as follows: the root tips were immersed in the 1/2 Knop's solution in vials; they were kept in an air-tight bomb-shell; and air was removed from the bomb-shell by a water vacuum pump up to a pressure of about 50 cm Hg; then the N2O gas was poured gently into the bomb-shell at 10 Kg/cm2; after 15 min. treatment with the N2O gas, the gas was evacuated gently. Through pretreatment, the chromosomes at metaphase could be spread flat when they were pressed during preparation.
The root tips pretreated with N2O gas were fixed in acetic-alcohol (1 : 3) at 15° for 2 to 24 hrs. Four root tips were fixed at every one hour or 1/2 hour up to 22 hrs. The root tips fixed were hydrolyzed in 1 N HC1 at 60° for 8 min. and were stained by the usual Feulgen's nuclear reaction.
A method similar to that of a previous report25' was used for the preparation of autoradiography, applying Sakura stripping film NR M 1. Squashed preparations using aceto-orcein were also made for observation of chromosomes.
Results

Duration of mitotic cycle
In all of the root tip cells fixed immediately after H3-thymidine treatment activated silver grains were only observed over interphase nuclei.
In both the two species and the F1 hybrid the ratio of labelled interphase nuclei to the total root tip nuclei was about 1 : 2. Most of the silver grains were observed over the extended chromatins and few were observed attached to condensed chromatins.
The observations were comparable with the labelling pattern of interphase nuclei of Spiranthes sinensis in which the labelling occurred mostly in extended chromatins25' .
The first appearance of silver grains over metaphase chromosomes in the cells of Ch. lineare was noted 3.5 hrs. after the beginning of H3-thymidine treatment, while it was 2.5 hrs. in the cells of Ch. nipponicum and 2.5 hrs. in cells of the F1 hybrid. After these fixation times the number of labelled metaphases increased rapidly, showing an ascending curve for the proportion of labelled metaphases.
The number of labelled metaphases was calculated at each fixation time.
The results of the calculation are shown in Table 1 and summarised in Fig. 1 . In the root tip cells of Ch. lineare the number of labelled metaphases reached to a maximum value (90-100%) at about 5.0 hrs. after the beginning of H3-thymidine treatment.
A similar time to reach the maximum value of labelled metaphases was observed in both Ch. nipponicum and the F1 hybrid.
The maximum value of labelled metaphases continued to about 6 hrs. in all of the root tip cells of the two species and the F1 hybrid.
An indication of the first decrease in the proportion of labelled metaphases was observed at about 12 hrs. in all of the root tip cells of both the two species and F1 hybrid.
It was difficult to determine the precise time required to reach the minimum value of labelled metaphases.
It was roughly estimated that the time was about 16 hrs. for Ch. lineare, about 14 hrs. for Ch. nipponicum and about 16-17 hrs. for the F1 hybrid.
After reaching the minimum value, the second increase in the proportion of labelled metaphases occurred in all of the present material. The average duration of both post DNA synthetic phase (G2 by the terms of Howard and Pelc26') and prophase in active mitosis was calculated by the time required to reach one-half of the first peak value of labelled metaphases.
It was about 4.0 hrs. for Ch. lineare, 3.5 hrs. for Ch. nipponicum and 3.5 hrs. for F1 hybrid.
The average duration of the DNA synthetic phase (S phase) was calculated by TANAKA, R. 449 the time interval between the one-half maximum value of labelled metaphases on the first ascending and descending curves. It was about 14.5-4.0=10.5 hrs. for Ch. lineare, 12.5-3.5=9.0 hrs. for Ch. niPPonicum and 13.0-3.5=9.5 hrs. for the F1 hybrid. It was difficult to calculate accurately the duration of the mitotic cycle for each material, because the second ascending curve of labelled metaphases riled slowly. A rough estimation of the average duration of the mitotic cycle was made by the time interval between the first ascending curve and the second ascending curve of labelled metaphases.
The estimated duration of the mitotic cycle was 19.0-4.0=15.0 hrs. for Ch. lineare, 19.0-4.0=15.0 hrs. for Ch. ni~ponicum and 19.0-3.5=15.5 hrs. for the F1 hybrid.
The observations shown above indicate that the chromosomes of the two species synthesized DNA in the same time interval and showed a similar duration of the mitotic cycle, though they have a large difference in size of their chromosomes and therefore in their DNA contents.
Pattern of DNA replication in Fr hybrid
The chromosomes of the F1 hybrid were studied.
All of the labelled metaphases fixed at 2.5 and 3.0 hrs. after the beginning of H3-thymidine treatment were regarded as having been labelled during late S phase. Most of the labelled metaphases fixed at 4.0, 5.0, 7.0 and 9.0 hrs. were regarded as having been labelled in mid-S phase, and most of the labelled metaphases fixed at 12.0 and 15.0 hrs. were regarded as having been labelled in early S phase.
In the root tip cells of the F1 hybrid stained with aceto-orcein the parental chromosomes were observed their size difference being preserved (Fig. 2) . The size difference in the chromosomes was also observed in all of the preparations for autoradiography.
Silver grains were observed obviously over both chromosome complements of parental species.
It was found in all of the preparations examined that both the chromosomes of Ch. lineare and those of Ch. ni~ponicum appeared to be labelled synchronously.
No root tip cell showing asynchronous labelling of chromosomes from the two different species was observed in any of the preparations examined. The observations showed that in the cells of Fi hybrid the chromosomes of both parental species replicated their DNA synchronously. The distribution of silver grains over the chromosomes was studied.
In the chromosomes labelled in middle or early S phase, the silver grains appeared scattering over the entire length of the chromosomes (Fig. 2 b and c) , The scattered appearance of the silver grains indicates the multiple occurrence of the DNA replicating positions in each chromosome.
In contrast to the chromosomes labelled in middle and early S phase, the chromosomes labelled at late S phase showed a localized appearance of silver grains. One of the chromosome complements labelled at late S phase is shown in Fig. 3 . Most of the chromosomes of Ch. lineare (the longer 9 chromosomes of the complement) had silver grains over the proximal regions (Fig. 3b, chromosomes 2, 4, 5, 8, 9) , and had few silver grains over the distal regions (Fig. 3b, chromosomes 1, 2, 3, 4) and over interstitial regions.
The chromosomes of Ch. nipponicum, on the other hand, had silver grains over the distal regions of chromosomes, particularly on the distal region of the long arm (Fig. 3c, chromosomes 1, 2, 3, 7, 8, 9 ).
There are three satellite chromosomes in the chromosome complement of Ch. lineare23' . The satellites of these chromosomes were small and showed a common condensation similar to that of chromosome arms. All of the three satellites of Ch. lineare were labelled in the cells fixed at 6 and 9 hrs. after the beginning of the treatment with H3-thymidine.
The three satellites of Ch. lineare were observed to be a middle replicator, because both 6 and 9 hrs. of fixation times correspond to the middle of the DNA synthetic phase.
One of the chromosomes of Ch. nipponicum (chromosome 8) had a satellite on a distal region of the short arm23' . The satellite showed an earlier condensation at mitotic prophase.
It was observed that the satellite was labelled heavily at late S phase (Fig. 3c, chromosome 8) . The satellite of this chromosome appeared without label in the cells treated at middle or early S phase. Thus, the satellite of this chromosome was found to be a late replicator.
The number of silver grains over the chromosomes were counted for study of the number of DNA replicating positions in the chromosomes of the two species. The number of silver grains might indicate not only the number of positions but also the activity of DNA replication in chromosomes.
In pulse treatment with H3-thymidine for 1/4 hr., however, each of the silver grains will represent the site of DNA replication. In the present study the silver grains were counted to elucidate the number of individual positions of DNA replication.
The counting of silver grains over chromosomes was made in the cells showing well-scattered chromosomes.
The results are shown in Table 2 .
The silver grains over chromosomes varied in number.
In the root tip cells fixed at 2.5 hrs. after the beginning of H3-thymidine treatment, for example, the total of silver grains over the chromosome complement of Ch. lineare varied from 125 to 207. Similar variation in the number of silver grains was observed in the chromosomes of Ch. nipponicum varying from 62 to 98. A higher variation in silver grain number was observed in the chromosomes fixed at later hours.
The variation in silver grain number over the chromosomes may be attributed to several factors such as the variation in the number of DNA replicating positions and in the activity of DNA replication. It is also attributed to variation in the rate of speed among cells passing through stages of mitotic cycle after H3-thymidine pulse treatment.
The increased variation in the silver grain number over the chromosomes fixed at a later hour may be due to variation in the rate of speed in the mitotic cycle.
The chromosomes labelled at late S phase (2.5 and 3.0 hrs. fixation times) were found to have fewer silver grains than the chromosomes labelled at middle and early S phase.
This finding indicated that the DNA replicating positions in the chromosomes at late S phase were fewer than those in the chromosomes at middle or early S phase.
The chromosomes of Ch. lineare were found to have more silver grains than the chromosomes of Ch. nipponicum.
In most cells labelled in all stages of the S phase the chromosomes of Ch. lineare showed approximately 2 times as many silver grains as the chromosomes of Ch. nipponicum (Table 2) . In a few cells, however, the chromosomes of Ch. lineare had about 3 times more silver grains than the chromosomes of Ch. nipponicum.
From the counting data of the number of silver grains labelled at a given time it can be concluded that during all stages of the S phase the chromosomes of Ch. lineare are undergoing DNA replication at about twice as many sites as the chromosomes of Ch. nipponicum. 
Summary
In the present investigation a comparative H3-thymidine autorad.iography was made on the chromosome size difference between Chrysanthemum lineage (2n=18) and Ch. niPPonicum (2n=18).
The duration of phases in the mitotic cycle was measured. The DNA replicating pattern in the chromosomes was also analyzed.
1. The chromosomes of the two species synthesized DNA in similar duration (about 10 hrs.) and showed similar duration in mitotic cycles (about 15 hrs.).
2. In the F1 hybrid the chromosomes of the two species replicated in synchrony. 3. Differences were found between Ch. lineage and Ch. nionicum concerning late DNA replicating regions, DNA replication in satellites and the number of DNA replicating positions:
Most of the chromosomes of Ch. lineage had late DNA replicators in the proximal regions, while most of the chromosomes of Ch. nionicum had late DNA replicators in the distal regions.
The satellites of the three chromosomes of Ch. lineage were middle replicators, while the satellites in the chromosomes of Ch. niPPonicum were found to be late replicators.
At all stages in the DNA synthetic phase the chromosomes of Ch. lineage showed approximately twice as much labelling as the chromosomes of Ch. nipponicum, indicating greater number of DNA replicating positions in the former than in the latter.
4. Considerations were given to the relationship between morphologically different heterochromatic regions and the late replicators, as well as to the relationship of chromosome size to DNA replicating units.
